It has been suggested that contextual fear conditioning can be supported by either an elemental system, where individual features of the environment are associated with shock, or a configural system, where environmental features are bound together and associated with shock. Although the retrosplenial cortex (RSC) is known to be involved in contextual fear conditioning, it is not clear whether it contributes to the elemental or configural system. To isolate the role of the RSC in contextual fear conditioning, the current experiments examined the influence of RSC lesions on the context preexposure facilitation effect, a procedure known to produce conditioning to a configural representation of context. In Experiment 1, rats that were preexposed to the conditioning context froze more compared to rats that were not, replicating the context preexposure facilitation effect. Although pretraining lesions of the RSC had no impact on the context preexposure facilitation effect (Experiment 2a), posttraining lesions attenuated the effect (Experiment 2b), suggesting that the RSC normally contributes to a configural context representation. Retrohippocampal contributions to contextual fear conditioning are discussed.
In a typical contextual fear conditioning experiment, rats are placed in a conditioning chamber and, after several minutes have elapsed, receive a series of mild foot-shocks. With this procedure, rats will freeze during the postshock period, and will also freeze when they are reexposed to the chamber at a later time (e.g., Fanselow, 1980) . Freezing is considered to be a conditioned response, as opposed to an unconditioned response to the shock, and is provoked by conditioning that occurs to the context as a result of pairings with the shock (Fanselow, 1986 (Fanselow, , 1990 (Fanselow, , 2000 . Contexts are often operationally defined as the background stimuli that are provided by the experimental apparatus. They typically differ in their olfactory, tactile, and visual characteristics (Bouton, 2010) .
It has been suggested that contextual fear conditioning can be supported by either a configural or an elemental conditioning process (Anagnostaras, Gale, & Fanselow, 2001; Maren, 2001; Maren, Aharonov, & Fanselow, 1997; Rudy, 2009; Rudy, Barrientos, & O'Reilly, 2002; Rudy, Huff, & Matus-Amat, 2004; Sutherland & Rudy, 1989 ; but see Fanselow, 2010) . According to a configural view, individual stimuli that comprise the environment are bound together into a cohesive and integrated representation, and it is this representation that is associated with shock (Fanselow, 2000; Rudy, 2009; Rudy et al., 2004) . Alternatively, according to an elemental view, during contextual fear conditioning individual stimuli that make up the context become separately associated with shock. According to this theoretical framework, the hippocampus is assumed to support the configural system, while surrounding cortical regions are often assumed to support the elemental system (Rudy et al., 2002; Rudy & O'Reilly, 2001; Rudy, 2009) .
One strategy for isolating configural context conditioning is to take advantage of the immediate shock deficit. It is well known that when rats are placed into a novel-conditioning chamber and receive an immediate shock, they show little or no fear conditioning (e.g., Fanselow, 1986) . The lack of conditioning after immediate shock indicates that rats have not associated the context with shock, either elementally or configurally. However, if rats are preexposed to the conditioning context prior to receiving the immediate shock, they will freeze more to the context relative to control rats that receive either no preexposure or are preexposed to a different context (Fanselow, 1986 (Fanselow, , 1990 Landeira-Fernandez, Fanselow, DeCola, & Kim, 1995; Kiernan & Westbrook, 1993) . This is known as the context preexposure facilitation effect. Furthermore, the elements of the context must be experienced together; preexposure to context elements separately does not alleviate the immediate shock deficit (Rudy & O'Reilly, 1999) . When the elements are experienced together, it is assumed that they are associated or bound into an integrated representation. This configural representation can subsequently be activated when a subset of the context features are later experienced (Fanselow, 2000) . It is for these reasons that the context preexposure methodology is thought to isolate contextual fear conditioning supported by configural processing and is thus considered a strong test of the configural account of contextual fear conditioning (Fanselow, 2010; Rudy et al., 2002) .
The hippocampus is a site of convergence for polymodal information (Suzuki & Amaral, 2004) and is therefore well positioned to process and associate multiple features of the environment to form a configural representation of the context (see Fanselow, 2010) . Importantly, Rudy and colleagues have demonstrated that the hippocampus is necessary for the context preexposure facilitation effect (MatusAmat, Higgins, Barrientos, Rudy et al., 2002; Rudy & Matus-Amat, 2005 ; see also Stote & Fanselow, 2004) , consistent with the notion that the hippocampus has a critical role in representing the context as a unitary, cohesive whole (e.g., Fanselow, 2000 Fanselow, , 2010 . The purpose of the present experiments, however, was to determine if the retrosplenial cortex (RSC) contributes to configural representations of context. The RSC is positioned at the interface between sensory cortical regions and the parahippocampalhippocampal system (Sugar, Witter, van Strien, & Cappaert, 2011; van Strien, Cappaert, & Witter, 2009) , suggesting that it might have an important role in contextual information processing . Indeed, both pre-and posttraining lesions of the RSC attenuate contextual fear conditioning (Keene & Bucci, 2008a , 2008b . Likewise, temporary blockade of N-methyl-Daspartate receptors in the RSC impairs retrieval of contextual fear memories (Corcoran et al., 2011) , and blocking protein synthesis in the RSC prior to conditioning impairs contextual fear conditioning (Kwapis, Jarome, Lee, & Helmstetter, 2015) . Thus, a variety of evidence indicates the RSC plays some role in contextual fear conditioning. Indeed, one model of RSC function states that the RSC's main contribution to context learning involves binding together or associating individual elements of the context, a seemingly configural process (e.g., .
Nevertheless, the role of the RSC in contextual fear conditioning is unclear because most, if not all, studies examining RSC and contextual fear conditioning use a standard fear conditioning method where either an elemental or configural system might be involved. Therefore, to directly test if the RSC is involved in configural context processing, the present experiments utilized the context preexposure facilitation procedure. One possibility is that the RSC is part of the elemental system and does not contribute to configural processing (see Rudy, 2009) . However, it is also possible that the RSC interacts with the hippocampus to produce configural representations. This would be consistent with recent studies suggesting that the RSC might in fact store a "unitary" representation of the context (Cowansage et al., 2014) .
Experiment 1
Although the context preexposure facilitation effect has been reported with several different procedures (e.g., Fanselow, 1990; Kiernan & Westbrook, 1993; Rudy et al., 2002; Stote & Fanselow, 2004) , in some cases similar procedures have failed to demonstrate a facilitative effect of context preexposure (e.g., Fanselow, 1990 , Experiments 2 and 3). Our first objective was therefore to demonstrate a facilitative effect of context preexposure within our own laboratory. We elected to replicate the effect using the same procedure as Kiernan and Westbrook (1993, Experiment 3) . The design of Experiment 1 is depicted in Figure 1 . On four consecutive days, groups of rats were exposed to either Context A or Context B. On the fifth day, all rats were placed in Context A and shocked after 7 s. On the final day of the experiment, rats were returned to Context A for a shock-free retrieval test. It was expected that rats preexposed to Context A (Group Pre) would show higher levels of context fear than rats that were not (Group Non).
Method
Subjects. The subjects were 16 naïve adult male Long Evans rats, ϳ60 days old. They were obtained from Harlan Laboratories (Indianapolis, IN). Rats were housed individually and allowed at least 6 days to acclimate to the vivarium with food available ad libitum (Purina standard rat chow; Nestle Purina, St. Louis, MO). Throughout the study, rats were maintained on a 14:10 light-dark cycle and monitored and cared for in compliance with the Association for Assessment and Accreditation of laboratory Animal Care guidelines and the Dartmouth College Institutional Animal Care and Use Committee.
Behavioral apparatus. Two sets of four conditioning chambers housed in separate rooms of the laboratory served as two contexts. One set of chambers (Context A) measured 24 cm W ϫ 30.5 cm L ϫ 29 cm H. Each chamber (Med Associates, ENV-007) Figure 1 . Behavioral procedures for Experiments 1, 2a, and 2b. Rats were exposed to either Context A (pre-exposed) or Context B (non pre-exposed) for 2 min on each of 4 consecutive days. All rats then received immediate shock in Context A (conditioning), followed by a final shock-free retrieval test 24 hrs later (retrieval). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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was housed in its own sound attenuation chamber (ENV-017M; 66 cm W ϫ 56 cm H ϫ 56 cm D) and outfitted with an exhaust fan to provide airflow and background noise (ϳ68 dB). The sidewalls and ceiling were made of clear acrylic plastic and the front and rear walls were made of brushed aluminum. The grid floor was stainless steel rods (5-mm diameter) spaced 1.5 cm apart (center to center). Each chamber was outfitted with a food cup, recessed in the center of the front wall. Retractable levers (Med Associates, model ENV-112CM) were positioned to the left and right of the food cup (both levers remained retracted during the experiment). The chambers were illuminated with two 2.8-W bulbs (one with a red cover), mounted to the ceiling of the sound-attenuating chamber. In addition, there were four panel lights (ENV-221M) in the chamber: one above each lever, one just above the food cup, and one ϳ16 cm above the grid floor centered over the food cup. None of the panel lights were illuminated throughout the experiment. Footshocks were generated by a Med Associates Unit (ENV-414) for each chamber. Approximately 0.5 g of Vicks Vaporub (Proctor & Gamble, Cincinnati, OH) was smeared along the chamber tray below the grid floor to provide a distinct olfactory cue. The apparatus was controlled by computer equipment located in an adjacent room. Surveillance cameras located inside the soundattenuating chambers were used to record the rats' behavior. The second set of chambers (Context B) measured 17.8 cm W ϫ 21.6 cm L ϫ 12.7 cm H. Each chamber (Med Associates, ENV-307W) was housed in its own sound attenuation chamber (ENV-022MD; 55.9 cm W ϫ 38.1 cm H ϫ 35.6 cm D). The front and back walls, as well as the ceiling were made of clear acrylic plastic and the sidewalls were made of brushed aluminum. The grid floor was stainless steel rods (0.32-cm diameter) spaced 0.79 cm apart (center to center). Each chamber was outfitted with a food cup, recessed in the center of the front wall. A house light provided illumination of the chamber (2.8 W). The front door and back wall had checkered panels (8 cm ϫ 5 cm panels). The same checkered panel was taped to the ceiling of the sound-attenuating chamber. Approximately 3 ml of vinegar (Heinz, Pittsburgh, PA), was placed in the chamber tray to provide a distinct odor cue.
Behavioral procedures. Preexposure. For the first four days of the experiments, rats received daily 2-min exposures to either Context A (Group Pre) or Context B (Group Non).
Conditioning (immediate shock).
On the fifth day, all rats were placed in Context A and received a 1 mA, 2-s footshock. Shock was delivered 7 s after placement into the chamber. Rats remained in the chamber for an additional 2 min after shock delivery.
Retrieval. On Day 6, all rats were reexposed to Context A for 2 min. No shock was delivered.
Data analysis. The dependent measure was freezing, defined as the absence of all movements, except those related to respiration (Fanselow, 1980) . Each rat was observed, and every fourth second behavior was scored as either freezing or not. This yielded 30 observations for the 2-min postshock period of "conditioning," and the 2-min session for "retrieval," which were then converted to percentages with the following formula: (number of observations recorded as freezing/30) ϫ 100. For conditioning, behavior was scored online by a single observer (T. P. T.). For retrieval, freezing was scored from DVD recordings by two observers (T. P. T. and M. Y. J.) blind to experimental condition (pre vs. non). The ratings for retrieval were highly correlated across observers (r Ͼ .97). Due to the expectation of heterogeneity of variance (cf. Fanselow, 1990; Landeira-Fernandez et al., 1995) , the data were analyzed with nonparametric tests (Mann-Whitney U).
Results and Discussion
The results of conditioning and retrieval are presented in Figure 2 . Due to an equipment malfunction, data were lost for 2 rats in Group Pre for conditioning only. Nevertheless, as seen in the figure, preexposure to the conditioning context (Context A) reliably increased freezing for both conditioning and retrieval. Group Non (Mdn ϭ 6.66) froze less than Group Pre (Mdn ϭ 40.00) during the postshock period (conditioning), U(8, 6) ϭ 4.5, p ϭ .01. Group Non (Mdn ϭ 1.66) also froze less than Group Pre (Mdn ϭ 58.33) during the shock-free test 24 hr later (retrieval), U(8,8) ϭ 2, p Ͻ .01. Overall, Experiment 1 demonstrated a robust context preexposure facilitation effect, using the same procedure reported by Kiernan and Westbrook (1993) .
Experiments 2a and 2b
The purpose of Experiments 2a and 2b was to determine if the RSC contributes to configural context representations. We therefore examined the effect of permanent RSC lesions on the context preexposure facilitation effect, using the same procedure as Experiment 1. If the RSC contributes to configural representations of context, either by providing input into the configural representation (see Rudy, 2009 ), or storing configural representations (e.g., Cowansage et al., 2014) , then lesions of the RSC should reduce freezing in rats that are preexposed to the conditioning context. In Experiment 2a, lesions of the RSC were made prior to the start of the experiment. In Experiment 2b, they were made after the immediate shock conditioning session. The purpose of the posttraining lesions (Experiment 2b) was to address the possibility that other brain regions are able to compensate for pretraining damage to the RSC (Experiment 2a). for rats preexposed to the conditioning context (pre) and rats that were exposed to a different context (non). Conditioning: freezing during the 2-min postshock period. Retrieval: freezing during the 2-min shock-free retrieval session 24 hrs after conditioning.
‫ء‬ Preexposed rats froze significantly more than nonexposed rats (p Ͻ .05). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Method
Subjects. The subjects were 64 naïve adult male Long Evans rats, ϳ60 days old purchased from the same vendor as those in the previous experiment and maintained under the same conditions. Surgery. Subjects were anesthetized with isoflurane gas (1.5%-3% in oxygen) and placed in a Kopf stereotaxis apparatus. The skin was retracted and holes were drilled through the skull above each of the intended lesion sites (see Table 1 ) based on the rat brain atlas of Paxinos and Watson (2009) . Thirty-two rats received bilateral electrolytic lesions (2.5 mA, 15 s at each site) of the RSC. Control rats received sham lesions consisting of a craniotomy and shallow, nonpuncturing burr holes to minimize damage to the underlying cortex. For Experiment 2a, rats were allowed to recover for at least 2 weeks prior to the preexposure phase of the experiment. In Experiment 2b, lesions occurred 24 hr after conditioning (i.e., immediate shock). Rats were allowed 14 days to recovery prior to the retrieval test.
Behavioral apparatus and procedures. The apparatus and procedures were the same as those used in Experiment 1.
Behavioral observations and data analysis. Freezing was assessed in the same manner as in Experiment 1, with the following exception. For Experiment 2a, both conditioning and retrieval were scored from DVD recordings by two observers (T. P. T. and M. Y. J.) unaware of experimental condition (pre vs. non) and lesion type (RSC vs. Sham). The ratings across observers were highly correlated (r Ͼ .92). In addition, we also report the percent freezing during the first and forth exposure to Context A for Group Pre, scored by T. P. T. For Experiment 2b, both conditioning and retrieval were scored from DVD recordings by two observers (T. P. T. and N. E. D.) unaware of experimental condition (pre vs. non) and lesion type (RSC vs. Sham). The ratings across observers were highly correlated (r Ͼ .95).
Lesion verification and analysis. After the behavioral procedures were completed, rats were deeply anesthetized with an overdose of sodium pentobarbital and transcardially perfused with 0.9% saline for 2 min, followed by 10% buffered formalin for 6 min. Coronal brain sections (60 m) were collected using a freezing microtome and were Nissl-stained using thionin. Using a compound microscope (Axioskop I, Zeiss, Inc., United States), we identified gross tissue damage as necrosis, missing tissue, or marked thinning of the cortex. Outlines of the lesions were drawn onto digital images adapted from Paxinos and Watson (2009) using PowerPoint at six levels along the rostro-caudal extent of the RSC (Ϫ1.8, Ϫ3.0, Ϫ4.2, Ϫ5.4, Ϫ6.6, and Ϫ7.8 from bregma). At each level, area measurements where then made with ImageJ, including the total area of the target region and the area of the target region that exhibited gross tissue damage. From these measurements, we report the average percentage of RSC that was damaged. In addition, we report the average percentage of sections across the rostro-caudal axis that exhibited RSC damage (ϳ22 sections collected for each rat), the average percentage of sections with damage outside the RSC, and the number of rats with damage to regions outside the RSC.
Results and Discussion
Histology. Figure 3A shows a photomicrograph of a representative RSC lesion. In Figure 3B , lesion drawings from Experiment 2a are stacked onto a single image for each of the six coordinates. Bilateral RSC damage was observed in all rats, and the average area of RSC damaged on each section analyzed was 61.38% (SEM ϭ 3.76). The average RSC damage did not differ between preexposed and nonpreexposed rats (p ϭ .96). Damage to the RSC was present on 99.5% (SEM ϭ 0.32) of sections collected for each subject, indicating damage extended throughout the rostro-caudal extent of the RSC. There was minor damage outside the RSC in 15 rats (e.g., anterior cingulate, visual cortex, motor cortex, cingulum bundle, forceps major corpus callosum). In contrast to RSC damage, the minor damage outside RSC was present on only 36.15% (SEM ϭ 6.57) of sections collected.
Lesions drawings for Experiment 2b are presented in Figure 3C . One RSC lesioned rat was removed due to extensive damage outside the RSC. The average area of RSC damaged on each section analyzed was 71.2% (SEM ϭ 2.95), and once again preexposed and nonpreexposed rats did not differ (p ϭ .40). There was minor damage outside the RSC in all rats (e.g., anterior cingulate, visual cortex, motor cortex, cingulum bundle, forceps major corpus callosum, superficial gray superior colliculus). Although RSC damage was present on 100% of sections collected, the extra-RSC damage was only present on 49.02% (SEM ϭ 6.26) of sections collected. The majority of the extra-RSC damage was to areas of neocortex (visual, motor) that are not necessary for contextual fear conditioning (e.g., Kim & Fanselow, 1992) .
Comparing across Experiments 2a and 2b, the average RSC damage did not differ between preexposed lesioned rats (p ϭ .10), nor did the average percent of sections with RSC damage (p ϭ .18) or extra-RSC damage (p ϭ .21).
Behavior. In Experiment 2a, neither Sham-nor RSC-lesioned rats froze during the first preexposure session to Context A, and there was virtually no freezing for either Sham (M ϭ 2.92, Mdn ϭ 0) or RSC (M ϭ 2.08, Mdn ϭ 0) rats during the fourth preexposure to Note. All anteroposterior, mediolateral, and dorsoventral measurements are derived from bregma, midline, and skull surface, respectively (measurements are in mm). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Context A. Thus, pretraining lesions of the RSC had no measurable impact on unconditioned exploratory behavior. Mean percentage freezing for conditioning and retrieval of Experiment 2a are presented in Figure 4 . For conditioning, Shamlesioned rats froze more when they were preexposed to Context A (pre) compared to rats exposed to B (non), U (8, 8) In sum, pretraining lesions of the RSC had no impact on the context preexposure facilitation effect. During both conditioning and retrieval, a context preexposure facilitation effect was observed in both Sham-and RSC-lesioned rats. Further, RSC lesioned rats did not differ from Sham controls in either the preexposed or non preexposed conditions. Although the RSC lesions in the current study had no impact on behavior, the average size and extent of damage throughout the rostro-caudal plane of the RSC was comparable to previous studies from our laboratory in which lesions of the RSC produced deficits in contextual fear conditioning deficits (e.g., Keene & Bucci, 2008a; Todd, Mehlman, Keene, DeAngeli, & Bucci, 2016) . Thus, the failure to observe any behavioral deficit is unlikely due to insufficient lesions. This document is copyrighted by the American Psychological Association or one of its allied publishers.
The results of Experiment 2b are presented in Figure 5 . During conditioning (left portion of Figure 5 ), both groups of rats that were preexposed to Context A (pre) froze more than rats exposed to Context B (non), ps Ͻ .05. The preexposed groups did not differ from each other, U(8,7) ϭ 20.00, p ϭ .40, which was expected given that lesions did not occur until after conditioning. Likewise, the groups exposed to Context B (non) did not differ, U(8,8) ϭ 27.00, p ϭ .65. For conditioning, the median percent freezing for each group was 55.00 (Sham-pre), 56.66 (RSC -pre), 5.00 (Sham -non), and 1.66 (RSC -non).
Retrieval occurred following recovery from either Sham or RSC lesions. As shown in the right portion of Figure 5 , RSC-lesioned rats preexposed to Context A froze significantly less than preexposed Sham-lesioned rats, U(8,7) ϭ 8.0, p Ͻ .05, indicating that the context preexposure facilitation effect was attenuated via damage to the RSC. Although freezing was reduced for RSC lesioned rats in Context A, RSC rats still showed significantly more freezing when they were preexposed to Context A (pre) relative to when they were not (non), U(8,7) ϭ 4.50, p Ͻ .01. As expected, Sham rats preexposed to Context A (pre) also froze more during retrieval than rats exposed to Context B (non), U(8,8) ϭ 4.0, p Ͻ .01. Sham-and RSC-lesioned rats exposed to Context B (non) did not differ, U(8,8) ϭ 18.50, p ϭ .16. For retrieval, the median percent freezing for each group was 46.66 (Sham -pre), 13.33 (RSCpre), 1.66 (Sham -non), and 0.00 (RSC -non). Overall, the results of Experiment 3 demonstrate that posttraining lesions of the RSC attenuate the context preexposure facilitation effect.
General Discussion
Although previous studies have demonstrated a role for the RSC in contextual fear conditioning, the exact nature of the RSC's contribution has been unclear, in part because with most standard contextual fear conditioning methods conditioning can be supported, at least theoretically, by either an elemental or configural conditioning process (e.g., Rudy, 2009) . The purpose of the present experiments was to determine if the RSC contributes to configural representations of context. We therefore examined the role of the RSC in contextual fear conditioning using the context preexposure facilitation method, a procedure known to produce conditioning to a configural context representation (Rudy & O'Reilly, 1999; Rudy et al., 2002) . In Experiment 1, rats that were preexposed to the conditioning context froze more after receiving an immediate shock relative to rats that were exposed to a different context, demonstrating a context preexposure facilitation effect (see also Kiernan & Westbrook, 1993) . Pretraining lesions of the RSC had no impact on the context preexposure facilitation effect (Experiment 2a). However, when lesions of the RSC occurred after training in Experiment 2b, the context preexposure facilitation effect was weakened. This finding encourages the perspective that the RSC contributes to configural context representations.
Similar to the findings reported here, the hippocampus is also necessary for the context preexposure facilitation effect. For example, temporary inactivation of the dorsal hippocampus during preexposure, immediate shock, or at the time of retrieval attenuates the context preexposure facilitation effect (MatusAmat et al., 2004) . The fact that both the hippocampus and the RSC contribute to the context preexposure facilitation effect suggests the possibility that coordinated hippocampal-cortical activity is required to produce and/or retrieve a configural context representation. One possibility is that cortical activity in the RSC converges on a hippocampal "index" (Eichenbaum, 2000; Teyler & DiScenna, 1986 ) and successful retrieval requires reinstatement of this cortical activity (Santoro & Frankland, 2014) . Consistent with this notion, Tanaka et al. (2014) have recently demonstrated that when CA1 cells are active and then tagged during contextual fear conditioning, subsequent silencing of these cells not only impairs retrieval of contextual fear conditioning, but also attenuates neural activity in the RSC, as well as the entorhinal and perirhinal cortices. This suggests for rats preexposed to the conditioning context (pre) and rats that were preexposed to a different context (non). Sham ϭ sham-lesioned rats; RSC ϭ retrosplenial cortex-lesioned rats. Conditioning: freezing during the 2-min postshock period. Retrieval: freezing during the 2-min shock-free retrieval session 24 hrs after conditioning. ‫ء‬ Preexposed rats froze significantly more than nonexposed rats (p Ͻ .05). Sham-and RSC-lesioned rats did not differ in either the preexposed non preexposed conditions. for rats preexposed to the conditioning context (pre) and rats that were preexposed to a different context (non). Sham ϭ sham-lesioned rats; RSC ϭ retrosplenial cortex-lesioned rats. Conditioning: freezing during the 2-min postshock period. Retrieval: freezing during the 2-min shock-free retrieval test. Lesions occurred following conditioning. ‫ء‬ Preexposed rats froze significantly more than nonexposed rats (p Ͻ .05).
# Preexposed Sham rats froze significantly more than preexposed RSC-lesioned rats. This document is copyrighted by the American Psychological Association or one of its allied publishers.
that successful retrieval of contextual fear conditioning requires reactivation of cortical cells, including those in the RSC. The idea that RSC activity can coherently represent context is also supported by a recent series of studies by Cowansage et al. (2014) . In these studies, neurons in the mouse RSC that were active during exploration of Context A were tagged to selectively express a channelrhodopsin variant, prior to fear conditioning in Context A. In a final test, mice were exposed to Context C (a novel context) and the previously tagged RSC neurons were optogenetically activated. Activation of RSC neurons produced a freezing response in mice, and also resulted in increased cFos levels in the basal and central amygdala, areas critically involved in fear learning (Maren, 2001; Maren & Fanselow, 1996) . In a separate experiment, activation of neurons in the RSC produced context-elicited freezing in mice that simultaneously had their hippocampus inactivated. Based on their results, Cowansage et al. (2014) suggested the RSC might store "unitary cellular representations of context" (p. 5), although the training procedures did not isolate configural processing. Nevertheless, the current results support the conclusion of Cowansage et al. (2014) by demonstrating the RSC is necessary for contextual fear conditioning in a procedure that requires the formation of an integrated and cohesive context representation.
The current experiments focused on the context preexposure facilitation effect, considered a strong test of configural context conditioning (see Fanselow, 2010) , because it has previously been suggested that contextual fear conditioning can be supported by either a configural (hippocampus) or an elemental (neocortex) process (Anagnostaras et al., 2001; Maren, 2001; Maren et al., 1997; Rudy, 2009; Rudy et al., 2002; Rudy, Huff, & Matus-Amat, 2004; Sutherland & Rudy, 1989) . However, Fanselow (2010) has alternatively suggested that all contextual fear conditioning involves configural context processing, whether it occurs with the context preexposure method or more standard procedures. Part of this argument rests on the finding that pretraining lesions of the hippocampus (i.e., the configural system) results in quantitative as opposed to qualitative changes in contextual fear conditioning (Fanselow, 2010 ; see also Wiltgen et al., 2006) . Instead of configural and elemental processes, Fanselow (2010) has instead suggested there are multiple (primary vs. alternative) pathways for context learning. The primary pathway is more efficient and typically dominates, thus posttraining lesions are expected to produce strong retrograde amnesia. Our current finding that posttraining lesions of the RSC attenuate the context preexposure facilitation effect (Experiment 2b) thus suggests that the RSC is part of the primary contextual fear conditioning pathway.
According to Fanselow's (2010) perspective, pretraining lesions of the primary system do not always impair conditioning because under some circumstances the alternative pathway is able to compensate. In Experiment 2a, pretraining lesions of the RSC had no impact on the context preexposure facilitation effect. Thus, it is possible that in the absence of the RSC, other systems are able to compensate and produce a strong representation of the context. However, it is also possible that low levels of fear observed in Experiment 2a made it difficult to detect a lesion effect. In Experiment 2a the level of freezing for Sham rats during Test 2 was about 10% lower than Experiment 2b, where a lesion effect was observed (compare Figures 4 and 5) . Thus, although the findings from Experiment 2b suggest the RSC is part of the primary system, it is not clear if pretraining lesions of the RSC can in fact be overcome. Additional experiments are required to resolve this issue.
The present data suggest that the RSC contributes to contextual fear learning as part of a configural system, consistent with previous research demonstrating an important role of the RSC in processing multiple stimuli and forming associations between multiple stimuli in the environment (e.g., Keene & Bucci, 2008b; Robinson, Poorman, Marder, & Bucci, 2012; Robinson et al., 2014; Robinson et al., 2011 see also . Nevertheless, more recent data suggests the RSC contributes to some forms of fear conditioning with individual cues (Kwapis, Jarome, Lee, Gilmartin, & Helmstetter, 2014 , 2015 Robinson et al., 2012; Todd et al., 2016) , a seemingly elemental process. However, it is important to note that procedures involving individual stimuli can be solved by either elemental or configural systems, and likewise procedures that involve multiple stimuli do not always require configural processing (e.g., Rescorla & Wagner, 1972 ; see also see Honey, Iordanova, & Good, 2014) . Thus, it remains to be fully determined the degree by which the RSC contributes to elemental and/or configural processing across learning and memory paradigms, especially those involving discrete cues.
In sum, although previous studies have demonstrated that the RSC contributes to contextual fear conditioning, the current findings indicate that the RSC contributes to contextual fear conditioning through configural processing. This is because the current experiments utilized the context preexposure facilitation method, which constitutes a strong test of configural processing during contextual fear conditioning. Overall, these data are generally consistent with the notion that one critical RSC function is to associate sensory stimuli in the environment and the view that context memories are encoded and stored within a distributed hippocampal-cortical network (Santoro & Frankland, 2014) .
